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ABSTRACT 


The  20,  000-hour,  voltage /temperature  life  test  matrix,  which  involved 
the  0.01  jiF  C67  Case  Size  I  MONOLYTHIC®  capacitor,  is  discussed. 
Frequency  histograms  of  all  leakage  current  data  and  Weibull  determinations 
of  failure  rates  for  some  of  the  test  conditions  are  included.  In  addition, 
the  criteria  which  determined  short-life  capacitors  during  testing  are 
presented,  as  well  as  a  comparison  of  calculated  assured  life  times  with 
the  times  to  actual  life  test  failure.  Finally,  the  schedule  and  conditions 
for  a  second  voltage /temperature  life  test  matrix  using  the  0.  033  pF  C67 
device  are  briefly  summarized. 
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SECTION  1 


INTRODUCTION 


The  purpose  of  this  contract  is  to  carry  out  research  work  involving 
investigations  leading  to  approaches  to  the  attainment  of  high  reliability 
in  subminiature  ceramic  capacitors  and  the  determination  of  failure  rate 
as  a  function  of  voltage  and  temperature. 

In  particular,  this  involves  the  following: 

(1)  Construction  of  a  model  or  theory  to  predict  failure  mechanisms 
and  failure  rates  as  a  function  of  voltage  and  temperature. 

(2)  Development  and  evaluation  of  a  short-term  test  to  eliminate 
early  failures  effectively  without  shortening  the  time  to  the 
wearout  mode  of  failure. 

(3)  A  determination  of  the  failure  rate  as  a  function  of  voltage  and 
temperature  through  large-scale  life  testing.  From  the  data 
thus  obtained,  derating  curves  will  be  derived  and  overall 
failure  rates  for  operating  conditions  will  be  estimated.  The 
theory  developed  will  be  critically  examined  and  refinements 
made. 

(4)  Compilation  of  quarterly  progress  reports  in  accordance  with 
Signal  Corps  Technical  Requirements  No.  SCL-2101N,  dated 
14  July  1961. 

(5)  Compilation  of  a  fin? I  report  in  accordance  with  Signal  Corps 
Technical  Requirements  No.  SCL-2101N,  dated  14  July  1961. 
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SECTION  2 
FACTUAL  DATA 


2.  1  Construction  of  C67  Case  Size  I  MONOLYTHIC®  Capacitors 

The  0.  01  pF  and  0.  033  pF  C67  Case  Size  I  MONOLYTHIC®  Capacitors 
are  constructed  with  stacked  ceramic  dielectric  layers  0.0025  and  0.  001 
inches  thick,  respectively.  The  layers,  which  are  bonded  to  one  another 
by  high-temperature  sintering  and  electrically  connected  in  parallel, 
are  composed  of  barium  titanate  which  has  a  dielectric  constant  of  approximately 
2000  and  a  stability  of  +10%,  -15%  between  -55® C  and  +125®C.  The  capacitors 
are  enclosed  in  tubular  cases  0.25  inches  long  with  a  0.095  inch  diameter. 

2.  2  Selection  of  Long-Life  Capacitors  of  the  Improved  Version 

This  experiment,  designed  to  establish  a  procedure  for  selecting  long¬ 
life  capacitors  of  the  improved  version,  began  during  the  eighth  quarter  of 
this  contract  and  is  still  in  progress.  The  basic  goal  is  to  demonstrate  that 
the  liffe  which  a  capacitor  loses  during  a  brief  period  of  accelerated  testing 
can  be  regained  by  applying  a  DC  voltage  of  opposite  polarity  for  a  given  time 
Progress  on  this  project  has  been  described  in  Interim  Reports  Nos.  8,  9,  13 
and  17.  Because  of  a  test  equipment  failure,  there  are  no  new  data  to  present 
at  this  time.  Following  the  necessary  repairs,  work  on  this  equipment 
will  resume. 

2.3  Completion  of  20,000  Hours  of  the  First  Voltage/Temperature  Life 

Test  Matrix 


2.  3.  1  Introduction 


The  0.01  pF  C67  Case  Size  I  MONOLYTHIC®  capacitor,  whose 
general  construction  is  described  in  Section  2. 1,  was  selected  for  this 
matrix.  Test  units  were  obtained  from  Lot  6S-9205.  Figure  l  shows  the 
life  test  schedule,  including  the  preliminary  two-step  burn-in.  Table  I 
lists  the  voltage/temperature  conditions  for  the  life  test. 


The  design  of  the  life  test  is  such  that  Lts  continuance  until 
50%  or  more  of  the  capacitors  fail  will  allow  statistical  analysis  of  the 
test  data  for  correlations  among  unit-life  times,  voltages  and  temperatures. 
In  addition,  the  rate  of  resistance  change  after  degradation  begins  can 
be  determined  as  a  function  of  both  voltage  and  temperature. 

2.3.2  Failure  Prediction 


The  leakage  current  data  obtained  for  Steps  A  and  B  of  the 
burn-in  were  used  to  establish  the  following  criteria  which  determined 
short-lived  capacitors  after  10,000  hours  of  life  testing.  A  unit  was 
rejected  if: 

(A)  Its  leakage  current  after  1,  49,  51  or  100  hours  of 
burn-in  exceeded  0,  1  p.A  (Step  A  or  Step  B). 

(B)  The  ratio  of  the  49th  to  1st  hour  leakage  currents 
exceeded  10  (Step  A). 

(C)  The  ratio  of  the  100th  to  51st  hour  leakage  currents 
exceeded  10  (Step  B). 

Histograms  of  the  burn-in  test  data  were  presented  in  the 
Fourteenth  Interim  Progress  Report. 

2.  3.  3  Life  Test  Matrix  Data 


One  half  of  the  capacitors  in  each  voltage/temperature 
group  were  tested  under  negative  potential  as  in  Step  B  of  the  burn-in 
because  experience  has  shown  that  50%  of  the  units  screened  by  the 
procedures  in  Steps  A  and  Bof  the  burn  -in  can  expect  placement  in  a 
circuit  whose  applied  DC  voltage  is  negative. 

Figures  2  through  10  are  histograms  of  the  leakage  current 
data  obtained  after  10,000,  15,000  and  20,000  hours  of  life  testing.  There 
was  significantly  greater  leakage  current  increase  with  time  for  units  at 
the  three  150°C  conditions  than  for  devices  at  the  other  test  conditions. 
Actual  life  test  failures;  i.  e.  ,  those  not  predicted  by  the  criteria  based 
on  burn-in  data,  are  listed  in  Table  II.  The  greater  number  of  these 
failures  occurred  at  the  two  sev»rest  150*C  test  conditions.  There  were 
two  criteria  for  actual  life  test  failures: 

(A)  The  unit  was  not  rejected  by  the  burn-in  criteria. 

(B)  The  unit  exhibited  an  IR  value  below  500  MQ 
(MIL-C-39014). 
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2.3.4  Assured  Life  Times 


The  assured  life  time  (ALT)  is  the  guaranteed  period  over 
which  the  capacitor  can  survive  a  given  voltage /temperature  condition. 
The  ALT  values  listed  in  Tal  ie  II  were  based  on  the  200V/150°C  burn-in 
condition  and  calculated  using  the  following  generalized  equation: 


E1*E2 


performance^  times  under  conditions  l  and  2,  respectively, 
volts  /mil  for  conditions  1  and  2,  respectively. 

Boltzman's  constant 


TrTa 


temperature  conditions  l  and  2,  respectively. 


Although  derived  from  data  pertaining  to  time-to-onset-of- 
degradation  as  a  function  of  voltage  and  temperature,  this  equation  was 
extended  to  allow  calculation  of  ALT'S  and  currently  provides  the  best 
approximations  of  ALT  values. 


The  validity  of  the  rejection  criteria  as  well  as  the  level  of 
overall  life  test  performance  can  be  gauged  by  comparing  the  assured  life 
times  with  the  times  to  earliest  failures  given  in  Table  II.  For  example, 
the  times  to  earliest  failures  for  the  200V/125°C,  100V/150°C  and  200V/150°C 
conditions  exceeded  the  assured  life  times  by  factors  of  1.5  to  5.  However, 
the  initial  failures  for  the  100V/125°C  and  50V/150°C  groups  occurred  before 
completion  of  their  assured  life  times.  The  rejected  unit  in  the  50V/150eC 
group  had  a  49th  hour  to  1st  hour  leakage  current  ratio  of  9.2  compared  to 
the  failure  criterion  (Step  A)  ratio  of  10,  but  the  difference  does  not  warrant 
revision  of  failure  criteria.  The  two  failures  experienced  at  the  100V/125°C 
condition  could  not  have  been  predicted  by  the  failure  criteria  and  are 
currently  undergoing  failure  analysis. 

There  were  no  failures  among  the  50V/85eC,  100V/85eC  and 
25V/125°C  groups.  However,  the  assured  life  times  for  these  conditions 
remain  unverified  because  they  exceed  the  20,  000-hour  test  period. 


(1)  Performance  time  is  the  length  of  time  before  which  the  units  on 
test  at  a  given  condition  experience  an  actual  life  test  as  defined  in 
Paragraph  2.  3.  3. 
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2.3.4  Failure  Rates 


An  attempt  was  made  to  determine  failure  rates  for  long-life 
capacitors  tested  for  20,  000  hours.  Only  the  50V/150°C,  100V/150°C 
and  200V/ 1 50° C  conditions  provided  the  quantity  and  distribution  of 
actual  life  test  failures  necessary  for  this  purpose. 

Figure  11  is  a  plot  of  the  percentage  of  failures  at  readout 
time  versus  hours  on  test  for  each  condition.  The  failures  in  the 
50V/150°C  group  occurred  at  an  almost  constant  rate,  except  for  a 
slight  rise  after  1,000  hours,  while  the  percentage  of  failures  at  readout 
for  the  other  groups  increased  with  time.  These  general  conclusions  were 
supported  by  a  Weibull  distribution  study. 

The  Weibull  distribution,  originally  used  in  fatigue  analyses 
of  ball-bearings,  has  become  a  standard  technique  for  determining  best- 
estimate  failure  rates  for  electronic  components.  The  cumulative  per¬ 
centages  of  failure  (Table  III)  versus  test  time  were  plotted  on  the  specially- 
designed  Weibull  probability  paper  (Figure  12).  From  this  graph,  P,  the 
shape  parameter,  and  -In  a,  the  scale  parameter,  were  estimated  from 
the  outer  left-  and  right-hand  scales,  respectively. 

The  shape  parameter,  p,  is  the  gauge  of  data  behavior.  For 
P>1,  the  failure  rate  increases  with  time,  for  P<1,  the  rate  decreases  with 
time,  and  for  P  =  1,  it  is  constant  and  follows  the  exponential  failure  rate. 

In  Figure  6,  the  P  value  for  the  100V/150°C  and  200V/150°C  conditions 
are  1.  1  while  the  P  value  for  the  50V/150°C  condition  equals  1. 0. 

The  instantaneous  failure  rate  at  any  time  is  calculated  by 
the  following  formula: 

Z(t)  = 

where 

Z(t)  =  instantaneous  failure  rate  at  time  t 

P  =  shape  parameter 

a  =  scale  parameter 

t  =  time 
5 

10  =  conversion  factor  for  failure  rate  expressed  as  %/ 1 000  hours. 
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Instantaneous  failure  rates  at  readout  times  were  obtained 
for  each  of  the  three  conditions  and  plotted  against  time  (Figure  13)  to 
determine  projected  failure  rates: 

50V/150<>C.  The  failure  rate  is  nearly  constant  with  time. 

A  reading  of  the  inner  left  and  bottom  scales  indicates  that 
50%  of  the  units  in  this  group  will  fail  at  approximately 
80,000  hours,  demonstrating  a  best-estimate  constant 
failure  rate  of  0.  985%/ 1,000  hours. 

100V/150‘,C.  The  failure  rate  increases  with  time  as 
indicated  in  Figure  11.  Half  the  units  will  fail  at  15,000 
hours,  demonstrating  a  best-estimate  failure  rate  of 
4.  9% / 1 , 000  hours. 

200V / 1 5 0° C.  The  failure  rate  increases  with  time.  With 
50%  of  the  capacitors  having  failed  at  20,000  hours,  the 
best-estimate  failure  rate  is  24%/l,000  hours  for  this 
condition. 

2.  4  Capacitors  for  Second  Voltage /Temperature  Life  Test  Matrix 

Fabrication  of  the  0.  033  pF  C67  Case  Size  I  MONOLYTHIC®  capacitors 
has  been  completed.  The  units,  constructed  with  stacked  ceramic  dielectric 
layers  0.  001  inches  thick,  are  currently  undergoing  a  voltage /temperature 
life  test  matrix.  The  test  schedule,  including  the  two  step  burn-in,  is 
given  as  Figure  14;  Table  IV  lists  the  life  test  conditions. 

The  tentative  rating  of  the  0.  033  pF  device  is  25WVDC  at  85 #C  with 
a  50%  voltage  derating  at  125°  C.  The  25WVDC  value  was  selected  so 
that  TCVC  Characteristics  BX  could  be  met  as  required  by  MIL-C-11015 
and  MIL-C-39014. 


The  conditions  for  burn-in  Steps  A  and  B  were  calculated  with  Equation  (1) 
and  are  such  that  4,000  hours  of  failure -free  performance  can  be  attained 
at  25V  and  125°C.  There  are  four  failure  criteria  at  burn-in: 


(A)  +l23^+^i  greater  than  5  or  less  than  0.2  pA. 

(B)  greater  than  5  or  less  than  0.2  pA. 


(C)  1^,  I  greater  than  0.  I  pA. 


The  capacitors  which  did  not  meet  these  criteria  were  allowed  to  continue 
on  test  for  information  purposes.  Analysis  of  the  test  data  may  reveal  the 
criteria  to  be  inappropriate  or  the  screening  formula  to  require  modification. 
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SECTION  3 


CONCLUSIONS 


(1)  Histograms  of  the  leakage  current  data  obtained  for  the  0.  01  jxF*  C67 
capacitors  after  10,000,  15,000  and  20,000  hours  of  life  testing 
showed  significantly  greater  leakage  current  increase  with  time  for 
units  at  the  three  150°C  conditions  than  for  devices  at  the  other  test 
conditions.  A  plot  of  the  percentage  of  failures  at  readout  time  versus 
hours -on-test  for  these  conditions  indicated  that  failures  in  the 
50V/150°C  group  occurred  at  an  almost  constant  rate  while  the 
percentage  of  failures  at  readout  for  the  other  groups  increased  with 
time.  These  general  conclusions  were  supported  by  a  Weibull 
distribution  study. 

(2)  The  Weibull  analysis  of  the  data  for  the  three  150“ C  test  conditions 
yielded  best-estimate  failure  rates  of  0.  985%/ 1, 000  hours  for  the 
50V/150°C  condition,  4.  9%/l,000  hours  for  the  100V/150*C  condition, 
and  24%/l,000  hours  for  the  200V/150*C  condition.  Failure  rates 
could  not  be  determined  for  the  other  test  conditions  because  their 
data  did  not  provide  the  quantity  and  distribution  of  actual  life  test 
failures  necessary  for  this  purpose. 

(3)  The  behavior  of  the  100V/150°C  and  200V/150“C  groups  suggests 
that  extreme  voltage /temperature  combinations  are  in  themselves 
a  possible  cause  of  actual  life  test  failures  with  time  and  that, 
consequently,  the  observed  increasing  failure  rate  may  not  be 
representative  of  the  true  failure  distribution. 
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FREQUENCY  DISTRIBUTION  OF  LEAKAGE  CURRENT  ON  85’C  15,000  HOUR  LIFE  TEST 
FOR  0.01  *iF  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS  (LOT  6S9205) 
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FREQUENCY  DISTRIBUTION  Or  LEAKAGE  CURRENT  ON  S5*C  20,000  HOUR  LIFE  TEST 
FOR  0,0)  ur  C&7  CASE  SIZE  I  MONOLYTHIC  CAPACITORS  (LOT  6S920S) 
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FREQUENCY  DISTRIBUTION  Or  LEAKAGE  CURRENT  ON  IIS'C  10,000  HOUR  LIFE  TEST 
TOR  0.01  nr  COT  CASE  SIZE  I  MONOLYTKIC  CAPACITORS  (LOT  6SW0S) 
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FREQUENCY  DISTRIBUTION  OF  LEAKAGE  CURRENT  ON  U5*C  15.000  HOUR  LIFE  TEST 
FOR  0.01  u F  Cil  CASE  SIZE  1  MONOLYTHIC  CAPACITORS  (LOT  6S9i05) 
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FREQUENCY  DISTRIBUTION  OF  LEAKAGE  CURRENT  ON  ISO’C  10.000  HOUR  UFE  TEST 
FOR  0. 01  |>F  C47  CASE  SIZE  t  MONOLYTHIC  CAPACITORS  (LOT  639205) 
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}  FREQUENCY  DISTRIBUTION  OF  LEAKAGE  CURRENT  ON  150*C  15,000  HOUR  LIFE  TEST 

FOR  0.01  |iF  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS  (LOT  6S9205) 


Figurt  9 


10.0 

1.0 

0.1 

0.01 

0.001 

0.0001 

0.00001 

1 

t 

DC  Leakage  (|aA) 

i 

j 

10 

.0 

1.0 

0.1 

0.01 

0.001 

0.0001 

0. 00001 

DC  Leakage  (*iA) 

1 

1 

1 

jiiian 

■ 

iiiaiia 

iiniiiriiaiiaa  * 
nil 


. Hi 


.:*■  ji  nil  in  if  m  f  I  ■  ■  I 

v..  ir  |}U|1|jJ.‘.  {•  lid  'miiililiiiiiiiaa ■ 

_ if fu i iiL idl *» :'4  v  jitnumiifiiiimaiae  .  \.tti;!ni 

pliliH 

>' '  SlSiai  !‘ii 


iiiiuiiiiaaaa  ^  • 
HiiiMta 
mine 

imnaiai  ^ 

in ii vi a aar*^^  will 

iniiaaiaij  *  *  iirii 


Wil  H  < 
MHW  ?  ; 

Bill!  I  " 


mininai 
miim 
iiiihia 
iiiiimaia  . 
iiniiiiiiaai»/.«Jv,ut 
nmi(miiiinaaaauv  -m 
*  V4W'  HI  ij  Mi»i|aai 
'  i  hli'u  i  ilin  aiiinaaa  ^  if 

b r-.m  .i!;hW|iil  l  |iiiiiia  .i  III 

rn  m  •itriuuiimi inaaaati 
Hi’Ji  iilii  lunar 
h  "p  ii  lrniiMiiiiiiiaaat 
imi  iniiiiiaia 
i.r  I  iiiiiiiihi 


i  ffu 


"I  f:  lil'lii! 


n  j,  nii:ii(itifiiHitBia«(aa  . 

.i  -  su!||jiiiiiili«miBiaa n 

Bat 


l  iliiliJiliyiiiiliiiai  &  j>  A 

aiaaaa  .  r. jnaii*jm«.  «ii,nii!|iM|iii|»aaaaM^  » 

lliias  r  1 'unii  ,  ,  ii  i  inaiial  ,iy 

r  t,  ^r-Ji  •niimijiitiiiaaii * »:r 
ihm  iiii  I  jiiiiiaia 
-  *  a  a  a  1 1  - 


ilFu  'oiiJ  r  « liiilimlMiMiir-- 

'B’.-li-ifapil 

-jll'iil 

t'J: . 


,  ,»■  i  III  i  a  1 1  a  a  ■ 
•nH#i  liniiiaia  < 
it  iililri  liiiinaaaa  . 

‘  :  "  Ki'iti  minima  .  " 

*ik Jiiiiii  minima 

*  it  iit'in  iniiaiiaai 
V  ii  iHNitmiiniiMia  mi 
|ii  iiiinagaa 


ijiiiiiiliiinaiiaa. 


IBB'.  tl'iiiw  il 
iiiiiiaaaa<u- 1.  mi  iNii 

iimilll|llllliaUXA4i 
iiuipii  *f  iaaaa  r 
^“iaai  * 


'.psm 

ml  ,, 

'u  I'lrmnitii  iiiiiiiaaa  r  i'  n-nrnii 

i  iiinminliiiniiiBB*-iiiifialf ii|  „ „ 

,i  riiiniji  miiiniiBaaremitpail  SE3j 

:  - 1  *  ii  i»rL|iiiiiiiiiiiiaBiaBKriii|jii  ju  f  ir 
•  i  »,.•  mj/lHiii  |iiiiitaa|»'f|i5ifliQfi  y« 
r1!  'iHijll  jliiinaai&i'  un  fl:Ri  fii 


•i  in  liiMiiiliaaaa-  .-  L  n*  ijM  ^ «t#u{'!ilii|liilliiai araagr  wM 
ill  irmuiiiiiiniiaa  m  jM'.  k  n,  IliiuiliiiiiUiiiaaaat'ftji*?l 

■i  ii  ii  mi  r  it  1 1  a  a  va  •  ■  ■  rye  ut  ini  -  *;  "  iii:  'iiimiiimiinaa-'-rri 

/i  ^iiniiliiiaiiiiiaa  ’.ijr  iill  *  •  ni,tlfl;rrtiii  Miiiiiiiaaa,  •«, 

iJP““ . . 

cl  jniniriiiiiiiiaaa  .  r  n.  s»li -  -  .  iiIhii 

tit  iniiiiM Aiinttaa 

jc  iitit  niiiiiiiiaai 

1  IE  1  liniiaiai 


lilu  iiiliiiniaia 
i M  >i|li  1 1 1 1  *  a  a  a  a  i 
iiitiimitaaaa 


iiliiiiiii;:... 

miiiiiinaiaa 


IIUIlIBB.p 
tiiilaaaits 
...  .iliiuaie.i?  • 
>iihliiiiiaaai;i« 


FREQUENCY  DISTRIBUTION  OT  LEAKAGE  CURRENT  ON  150'C  20,000  HOUR  LIFE  TEST 
TOR  0.01  )iF  C67  CASE  SIZE  I  MONOLYTHIC  CAPACITORS  (LOT  6S9205) 

» 

rifur*  10 


-20- 


■■••••••■  •■■■■■■■■■  mi  !••••••••■  ■  ii  MMais  •••  aavi  ••■■•••■  ■•••(■ai»«iaiia««ii  •  ■■■•••■■ 

maiiiaiiiiiHiiMHiiiHiaaiiiaaiiiaiBiiiiaiiiMiiiMaiiiiiilHaiiaMaiMaKMiMMMBaiiMaHiNMiiBaMia* 

Eft  tiaiiiaamimiiiiuiiiaiaatiHniiiaaiiHBiitaaiiaiaaiiiaaHuaiiiiiaiiiiBiiiiaiiiiBBiiiaiiNUMMHiiaM 

m.  VBiiiBiiiiiiiiiBatiiiiiiiaBiiiBiiiiiaBiiiiiiiiaaiiiiiaiiiiaiiiiiiiitaaiiiBtiiiiiiiiiiBviiainiMiiiiMiiiia 

■  »••<■•••••  a  a  ■•■■hi  hi  ii  •••••■■■■•  ■  b  ii  ■•■  •••■■••  aiiaiitimii  ••■•••«■•■•••■■■■••  iiapmaaMUan  liiSuiaa 

'•tiBaiaaiaaaaaaMiiiMaaataiaiaaaaaaHiaauiaaiiaaMii  a  a  aimaiiaa  ■■iaiaatiaiaiaiaaaiaaaaiaa«aataa«aaiaaa 
■  ■■ak  'iiaBiiiiiiiBaatiiiiMBBaiiaaBaiaiBaiaiflBiiaaftifiiaaatUiftiMBaiMBftaiaaBftiiaaaiiBsaaiMSftaMBftiiiBftaiMaa 

taMiiiiiiivftiiaaaiiiaaiiaaatiaaaHiitaaafiaaaiiaaaMiaaHiiaiiiiaaiiiiatitiaiiiasBuaBBaiBaaiiiiaaaiiaa 
■  aai.  aiiiiiiiiiBaiimiiflaaiaiBiiiiiaBiiiBiiiiaaiiiiaaiiiiaiiaiaiiaiBBiiiiaiiiiaiiiiaaiiiiaiiiaiiiiiaBiiiii 

j{|3S8;sti8g|n||{SKjj::a 

‘••■■■••SSSiiiaSiiiaMSSiaa 

■  •■a«**aaai>»aai*i  aaaBitB«a 
•  a  a  aaai  ••■  ■  iaaaa»a  a  •  aaa  la  aaa 

iiaaaiiaaamaaaiiaaiaiiaaa| 
iiaaaiiiaaiaiaaiiiBBaiiiaal 
iiiBaiiiainiiBiiiiBBiaiiBl 

ttaaiiiiiiiiianiiaaiiiial 

iiaaiaiH«ii«aHiii 

taaaiaaaaMaaaMiBB 

iaaaaiiMaaiiBaaiiiaaaiiaaa| 

IlIBBtlllBUItBHIlfBIIIIBl 

•••aatiBaa 

ia«aBiaMaiMaaiiiaaaiuaa| 

laaaaijaaaniaaiiaaaaiMaa  I 
liaaaaiiaaaiaaaaiiaaaaHaaa  I 
IIIIIBIIUB - - ■ 


«  clSllssZSala 

■  ■■■••la  ■■••■■••■■■•in  ■  ■  mmmm  ■••••■  iiaa  ■•••■  ••  •  a  a  i  ■  4  m  mm  ■  •  a*  a 

■■aaiiiaa.  *aaaaaaaaimtaaaaa«iaaaBaaaaa**aaai«aaaMaaaaifaaa 

■•aainaii  taaaaaaaiiiiiMaaaitaaanaaaaiiaaataiaaiiiaaaMaaa 
aaaaaanaaaa  iaaBa«BiiiiiitaaBiaaaaiiaaaaiiiaa>iaaaiiiB aaiiaaa 
«iBBiiiBiin  iiiBiauiiiiiiiBiiiBiiiiiaaiiiBiiiiiaiiiiiBiiiiB 

'laiiiiiiiiu.  HiaiiiiMiiiiaiiiaiiiiiaaiiiiaiiiiaiiiiaaiiiia 

'aaiiiaiiiui.  laaaiiiiiiiiaaiiiaiiinaaHiiai iaaaiaaaaak«aaa 

%  ’  a  •<  i  a  a  11 1 1 1 1  •  mm  i  M 1 1 i  •  a  a  a  i  •  i  ■  1 1 1  •  •  a  a  n  •  ■  ■  1 ■ 1 1  ■  1 1  •  a  ■  a  m  i  a  a 
Ik  iiniMiiim  a  a  !  1 1 1 1 1 1  •  a  a  1 1 1  a  a  1 1  f  ■  a  ■  Mt  t  a  1 1  ■  a  a  ii  la  a  B  Mia  a 

•  Bk  'lllllllllHk  ^■NHIHIBBIIIBaiiaiBBIlIBBIlIBBIlIBBBIIIIB 

■  ■■  . . . 

aaaai  maaaaaiiai  'iiiiMiaaiiiaaiaiiaa iMaauaaaiMaaauaaa 
BBBBII.  aaiantaaBB  i  r  1 1 1  a  a  a  •  1 1  aa  11  a  a  a  a  1 1  <  a  a  1 1  a  a  a  1 1  a  a  a  a  1 1  a  a  a  i 
laama  ainiiiaaa.  « i  laa  aam  aa  a  i  aa  a  m  iia  a  a  it  a  a  a  1 1  a  •  a  a  i  la  a  a  i 
IBBIIIBI  llliailBBtli  ’llIBBIIIBIIIlIBBMIlBIlIBBIIlIBBIIIIII 

•■•■!■■■  ■■  •  ""«■■  ••  '!<!!■  •■■HillaMiia«!!!iI«»ai 
kaauaaaai  >auaanniai  •  naan  na  a  m  •  ■•■■•■  aa 

i  kaaaiaaaan  aaaaautiaaai  ••  aaaaaaiaaaaiiaaaaiiaaiiaaaaiaaaaa 
a>  <aanaaaaaaa  aaaaiiiMaaa.  a*«'aaaiiiBaatiB5tiiaaiiisaatMiai 
n.  iiiBBtaaiaa  •  ■■iihhiib  *  a  aa  iniaa  iiibbiiiii  iiiiBaniBBi 
IBB.  IIBIIIIIIII.  IBHIIIIIIBk  HBIIIlIBBIIIiaiiaBIIIIIIBMIlBI 

mik  itniiiiii  iiuiniiife 

aaaan  aaaaaaaa.  maaaaaaaaa  -  •••■aaBiiiaaiiiiaitiaaaiiiiai 
laaaaia  «aaaaaaaaaa  'lanaaaaiaa  aaiaaBBBiaaBBaaaaaiafaaaaaaaai 
auaaiBk  iiiiiBBai.  *.  aaaaiaa  aaaaaaiaaBaiaaaaiiaaaaiaaaai 
BBfllllBBk  •IBBBSBBBIII  'all  ■■III...  'IIIBBIIIBB IIIIB 1 1IIB1IHI IBI 
aaamaai  <  laiaaianiM  ••aaiiaai  .  •laaiaiiaiiiiaMMaaiuiai 

•  ■•aiiaia.i  aaaaaaniin  «aaaiaai  ■  aaaiaiiauiaaiaaaaainiai 
aaaaiiaaaar .  aaaaaiiiiia  .  aaaaaaaa  .  aaiaaaaiiaaaiiaaaaiiaaai 
aaaatiaaaak.i  ■■■■iiiiii.  j.  ailiBBl...  laiiaaaiiaaaiiaaaaiaaaai 
IBBIItBlllirk  IBIIIIIItr  >11111 II Ilk  r^llBIIIIBIIlIBBIIIIII 


O  O  (M 
O  vO  ~i 


laainii 


■  laaiiiaiianii  .  a  •Miiaiiai<ia>  <aiaaiaa 
aaaaaiiaaiaaaaai  .aa  iiuaaai.  aaa.  aaaacaaaii  aaiiiiaiiiaaaiialai 

■  ■•aniaaaiaiaiiiia  miinaitik  maaaii.  . . . 

■  aaaaiiaaaaaaaaaaBaii  'iiaaaanaaa  uiaaiiiiw  biiibbiiiibbiiiibi 
■liMIIBIIIIIIIIItBllli  IIIBBHIBII  HBBIIIIk  'lllltiaiBBlIllll 

Biiiiiiaiiiiiiiiiifliim^:iaiiiiiiK'riiui^.  iniiiiiiiiiiii 

■  iiaiMBiiMiiiiiaainiiii  ...........  aina.  aaiiaaaaiiiaai 

aaaaaiiaaaaaaaaaaaaiimaa.  aaaaaaaaaaa.  anaaaiik  -aiiaaaaiaaaai 
ai  i  a  ■  a  1 1  ■  a  a  a  a  i  a  a  a  a  a  a  i  m  i  •  i  a .  aiailiaiBII.  •!  umi  n.  llliaiBlltlll 

■  l>BIIIBIIIIII|BIBBIIIIIIIIBi  Ulllll  II  BBT  '1111111.  (IIIBBIIIIBI 


vO  O 

H  •  a  • 

2  ^  & 

iS  7  r  1 


o  u  o 


■jbiiiibhhrhhiib  I 

Piiiipii 

Biaa  aaaaaaaa  aafcaalJBaaaaaaaa  I 
haaaaaiaiaBaaaaaiaiaaaiaMl 

bub  ■■(•■■■  iiiBaiiBBMiSBB 
EiiaaBiiaNiiaaBiiiaaBiaaiB 
iiiiiBiiviiiiiaaitiiaaiiiCB 

ihiibiiiiiiiiiiijiibbiiiib 

tiaaaaiiaaaiMaatiaaaaiiiM 

iiaaBBiaiaiiiaaiitaaBiiiaa 

iiiaiBiiiaBriiNiiiaBBinaB 

:::::s:is»;uu:;ts:su::s 

laaaaaaaaaaaaaaaaaaaaaMaaa 
i  •  a  a  a  a  1 1  a  ■  a  1 1  a  *a  1 1  a  a  a  a  » 1 1  a  a 
iiiiaaiiaaaiiiaBiiaaaaiiiaa 

IIMBBIIfinaBlf 


k"^. 


a  a  a  ■  t  aa  a  a  a  ■  a  a  ■  a  a  a  m  <  i  a  a  a  a  i  • .  'ama  aam.  <  iiaaa  n  .  laiiaai  I 
i  aaan  aa  >i  ii  a  ■  aa  lauiiiiaiiaiia.  xiuaaiiii  ■  •■■■ilia  laiillll 

iiBihBiiiaiiiiiiimniiiBBiiiaaMiiBiiiiiia.'iiBitiik  biiiibI 

..a............... . “**  iiiaiii  ..  aiikaauk.  ••••aaa 


.  ■£». •  a m  miibmii  ■■ _ 

luii.iaii.iaiiMiBiiiii  I 
■  ■diiiiaiiiiauiaaaiiiia  ■ 

•  ■■a 
•aai 

IlIBBHlIINIIIIIIiaBllllll 
lll■■lll•l•ll•lllll  ■•HUB  I 


niaaiiiiaiiaiaHiaaBiiiaal 

iiiaBiiiiBiiiiaiiiiBBiiiaal 


■  MaaiiiiiiiiiaNBBBBiiaial 

iBBaaiaaiaitkaaiiaaftaiiaaBal 
latftBnakaiiaa  an  •■■■iiaaa  I 

_ _ _ _ _ _  _ _ _ IIBMIlBIBlilBBUUBBMISBl 

SkSIiuMaiiMiiMaa.'iiStMaZIiiiaaik  ••'aa»aaaa«ia.  •  ‘•••"HBaniillai'iiiBa'MiIaS'.MkaHkSaHiaaSiialaiii-"" 

aa ■■  m BiiiliiiaiiBiiliiiiaaBiiiaiiii  aaniaama  ■•■•aai  aaaaaaaaMaaaaMaaaaaaaaaiaaaamaaaaaaaaaaiBaSaaaaa 
aiaaiiiaiaiBBBMiaaiiiiiaaaaaiiiaaaaik  .aiaiiaiaBik  'laiaan  •BiaBaaiaiaaaiBiaaiBaaaiaiBBaiaaBaiflBBBiaaaBaaBBaiil 
aBBBiiifliaBaaBiiiaaiiiiiiiiaaiMaaaiia.  amaaiiiaa.  •  ■■ana  ’aiiiBatiaaaaii«aaiiaBaiiiaBaiic>BiMieiikiaaMaaal 

aaaaaaiiaaaiiaaaiaaaliiiiiaiiaiaiaaiiiiB.'iiaaBiiBaaii  aaaiiik iiiiiaiiiiaaiiaiaiiaaaiiaaaaiiiaaiiaBaiiiaEBiiiBal 
■■■a  in  am  nun  ■■mu  in  ■■him  ii  ii  aa  iiiiniiaiii  ■aniiw  HiiaiiiiaBiiiiaiiiiaiiiiiBiiiiaiiiiiiiiiaaiiiaal 


•  aBiiiBtaaiaiaBaBBiiiiaiaaaBiBBaaMBBBkiii.  aiaaaanaaa*  'aaaaiaa  <aiiaaaa 
aaaaiiBaaaaaaaiiaaiiiiiiiiaaiaiaaaiiiaaiiia.  uiaiiiiiaa  laanik  miiaa 
l■■lll■•lllllUl>■lillllll■■lllllllll■■llB•a.'l•■lll■■■l»  lamia  diui 

.  . . ••■•...Hi.a  ■■•aai  ‘mm  mm 

aaaaaiaaaaaaaaaaaBiM**aaaaaiaaa*aaaaaH«iaa»V  •aitnaaili.  •■••aa.  aaaa 
aaaa<«aaaaaaaaaaaaiiHi*aaaa*saaaaiaaa«aiiaa  ■■«  aaaaaaaataa.  ibbibii  ■ 

■  BaaitaBBfatBBIBBBtIJIiafBBB  ■HIINIIIBIIIBIilll  MiBiBiiiik  '  mu.  1 

•  BftiiiftBaaaaaaaBBaMiiinaBBiiaBBiiaaBHiiaBBiiiBk  iiiibihibi  «Bauit ' 

i>aiiiaiiiiiiiiiBaiiiiiiaiiaiii«iiiiiaanii»iiiiai  iiiBiiiMiik'Biiiii 

•  ■a.<la«>*>a(«a«*a<.t.M.«aaMia«  Maaaa  •  ••••»••■«»•••»  «aa«i 


•  lam  aa  i  in  11111^11111111  ■  iimiiii  ■■himii  nan  i 
ll«lll■alllllla■l■lllillll■allll■llll■■llllllll■lllll] 


■  flaBIIHBBIBIBIBBBftlllllMBOftlllBIBIBIBaillBBIItBBIIIB 
I  laill  Bill  IIIIII  Bailllllll  IB  Hill  II II  ■■IIIIBIII  IIIIII  I  ■ 


l■■lll■■BIIIIBBI■■IIIM•••a■ll■B■■■■B■■ll•B■IIBBaM■B■■lll■BI 

IBBlIlBBBIMIIlIBBlIIIIHBBIIIlIBBIIIIBaillBBIlIBBIIlIBBIIIIB 


mi* . . 

ll■■■■l■•B■ll•B■■l•IB■«•■■■llfl■  I 

i!!!!!!!!!!!1!!!!!!!!!!!!1!!1!!!!!!1!! 

•  •aaaaaaaataSaaaMaaataaaacaCaaSaaa 

. . .  I 

— aiiiaeiaiaaaiiaaaiaaiaMiBaaiMBal 
aiiaaatiiiBaiiiiaiiiaBiiiaMiiiBal 

"!!!!!!!!!  ■■!!!!■!!!!!!!“■■!!•■■  I 


lll■a■ll■•al•l■afl•a■■l•lB■  I 

!!!!!!!!!!!!!!!!!!!!!!!!!l 

■  in k  BiMBBaiiBaBiiiaBMaaftBiiiaBl 

MIBk  ,aiBBB|!IBBIIIBB!IBBI|aill|B| 

aaa*  •  a  a  m  •  ■  a  ■  m  •  •  a  a  a  •  •  a  a  a  m  a  aa 
t.  'aai*  •aaiiHaiiiaaiiiaaaiM 
•  IBBIIIBBII.  *Sllk  '■BIIMBIlIBklllBkBIlIBB  I 

■  BiiiaBiiit  mil  ^■iiiBaiMBaiiiaaBiiiBa  I 

■  ■  IIIIBIIIIt  (IIBk  «lliaaillllllllBBIIIBB  I 


jSSiSSaBiiiiiiiBaaiiiMiMaftiMBBiliiBBiiiBBiiaBBiiiiBaiiiiaiiiBBSiaialaii.  *i!S!iiSSi!i*Sii.  "iSiibiiibbbiiibb I 

IBBIIlBllllllllIBBMIMIIIiaillBlIIIIBflilllBBIIIiaillllBIIIIBlIIIBIIlIBBlIlkBlIIIBIIIIBR  HI.  «I«IBII  ■■■■IIIBB  I 

lfllljllllllflllllllllli|IIIIBIIIIII|IIIB|jllllllll|llllfl|lllll|lAllltllBllllk  Mtll||IIIBK^IB.^IIIHIIBBIIIIll 

iiBiiiiiiiiiBBiiiiiiii«BiiiBiiiiiaaiiiaaiiaiaiHiaai(iiaiM(aiiM*aiiiiBiiiB*iHBBfliiNakiiiHHMBBiiiiB  I 
lll■B■■ll■ll■B■lllll■l■B■lMafllll■■■lllB■Ma■■ll•a■■lI•■all■■■llM■■l••a■••■B■lllB■■llBB■llla■lll■■■lllB■l 

•!*!l!!!!!!!!”i!!!!*a!!!!!!!!!!!ia!!!!!!!!!!!!!!!!!!!!l!!!!!!!!!!B”ik!1!!!!!!!.ll!!!llliat>>aB>l!!15IIBI1l 

.••■••••••••a  ■■  in.  .!.■■■  ■••■••■•■  ■••■■••■■. •••*•••■•*■. ■■■. ■■•atiiiaaBiTaaaiiaiaia  ••  a  ■.•••■  i.iaa  l«f«  a  aii.iaa 

•  •>  . .  aaniiaa, 

•  iia ■•••••••■  «b  itaHaa ■■  aiaa  ••  aiaaBB  naa  aiaaaaiiaa  aan l  •aiiaaaiiakBaMakBiiaaBiiiiBaaaiBBaiiBBiiBBB ■(•••  &  I 

•  ll■lllalllaB■■tllllMlB■«M■aala■a■ltl■■^•i■lll•■■llll■llaBalllla■l•aBall•■Bllll■■•••l■ll•l■lll■■Bl•lB■l 
all■>lalaaalaa■llllll•la■ll•ll«lll■■lll■■uliBllll■Bll•l■ll•l■llll■■lall■lllllll9l■■llll■lll■■lllB■■lllB■| 

.  .  i.a  aa««  •■•■■•■  a  «•••■■•••  mmm  aaa  aa  •»••  a - -  - - - - - - - - 1  ^  -  -L - 

•  a  aiMmiaifaiimmaaiiiiiiiaiaaiaifaiiifaiiiiaaMiia _ _ _ 

■a  «  aa  aaaaaaaa  a* uiiaiaaaa aaa  BaiiaaaaMaaaaMaaiaaaBaiiaaBiafaaiaaaaaiiaaatiaaBiiaiiaiiaBftiMBBliiBaaiiaBft  I 
Tin  \  lllllllllBBIIIIiaailBIMBiaillBailllBMIBBIIII  BailllBIIIIBIIIIBaiMIBIHIBimBaHMIHlBlHlBftaUllil 

iibii.  >.  «i>iiiiiaiMinii»iaiHiitiiiiBiiii»iiiiiuiiiauiiBiii»iiitiiBitii«iiitaiiaiaBiiiiaiiiBiiiiiBam»Bl 
llllllk1. 'lllllllllllllllllllllllltlllllltllllllllllllBMIllllllllllllllllllllllllllllBlltllllllllllllBlltlll 
% 1 


u  u 

B  B 

o  o 

i  ■  •  2  ■  i  £  '  i 

J  Sl  3  >>  3 

S  §§ 


P  AND  a  DETERMINATION  CHART 


iir  '  ■ 

i  *  FRSCSDDG  PAG*  BLAIBC— HOT  ITXMKD 


(■moil  QOOI/%)  ®VrH  amflij 


-23- 


INSTANTANEOUS  FAILURE  RATES  VS  TIME 


0.  033  pLf  Case  Size  I 
C67  Monolythic  Capacitors 
(Lot  6S11446) 


Measurements:  Capacitance 
and  Dissipation  Factor 
at  1  kHz/sec,  0.5  VAC,  25°C* 
Leakage  Current  at  25 *C,  25  VDC, 
^minutes  Charging  Time 


+10t°  VDC  at  150-C  for  24  hours 
Leakage  Current  Readouts 
After  ]  hour  and  23  hours 


Leakage  Current  Readouts 
After  1  hour  and  23  hours 


Voltage -Tempe  ratur  e 
Matrix  Testing  at  +V  and  T 


Voltage-Temperature 

Matrix  Testing  at  -V  and 


PROPOSED  OUTLINE  OF  SECOND  LIFE 


test  matrix 


Figure  14 


TABLE  I 


LIFE  TEST  MATRIX  VOLTAGE/TEMPERATURE  CONDITIONS 
AND  READOUT  SCHEDULE  FOR  0.  01  \iF  C67  CASE  SIZE  I 
MONOLYTHIC®  CAPACITORS 


TEST  TEMPERATURE  AND  NUMBER  OF  UNITS  AT  EACH  CONDITION 


Voltage  85°C  125°  C  150^ 


25 

-  -  -  - 

100 

— 

50 

100 

300 

100 

100 

100 

100 

100 

200 

100 

100 

100 

LEAKAGE  CURRENT  READOUTS  ARE  SCHEDULED  AT  1;  48;  96;  240;  504;  1,008; 
2,  016;  3,  024;  4,  032;  5,  040;  7,  056;  10,  080;  15,  000;  20,  000  HOURS  and  a  not  yet 
designated  time  towards  the  end  of  the  contract. 
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TABLE  II 

ACTUAL  LIFE  TEST  FAILURES  AND 
ASSURED  LIFE  TIMES  FOR  0.  Ol^F  C67 
CASE  SIZE  I  MONOLYTHIC®  CAPACITORS 


Condition 

Set 

Conditions 

Number  of 
Failures 

1 

50  V/85°C 

0 

2 

100  V / 85°C 

0 

3 

200  V / 85°C 

0 

4 

25  V/125°C 

0 

5 

50  V/125°C 

0 

6 

100  V/1258C 

8 

7 

200  V/1258C 

5 

8 

50  V/150'C 

7 

9 

100  V/1508C 

38 

0 

200  V/1508C 

77 

Earliest  Life  Test 

Assured  Life  Time  Failure  Hour 


188,845 

29, 042 

4,475 

30,312 

10,128 

1,557 

1008 

240 

1008 

2,  110 

1008 

324 

504 

50 

240 

i 


) 

4 


I 


1 


4 
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TABLE  IV 


PROPOSED  LIFE  TEST  MATRIX  VOLTAGE/ TEMPERATURE  CONDITIONS 
AND  READOUT  SCHEDULE  FOR  0.033  (jlF  C67  CASE  SIZE  1 
MONOLYTHIC®  CAPACITORS 

TEST  TEMPERATURE  AND  NUMBER  OF  UNITS  AT  EACH  CONDITION 
Voltage  85eC  125CC  150°C 


12.  5 

100 

— 

25 

100 

300 

100 

50 

100 

100 

100 

100 

100 

100 

100 

LEAKAGE  CURRENT  READOUTS  ARE  SCHEDULED  AT  24,  96,  240,  504, 
1,008,  2,016,  4,032,  7,  056,  AND  10,  080  HOURS. 
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SECTION  4 


PROGRAM  FOR  NEXT  INTERVAL 


4.  1  0.  01  (jlF  C67  Case  Size  I  MONOLYTHIC®  Capacitors 

Assured  life  times  (ALT)  for  each  test  condition  will  be  calculated 
using  the  onset  of  degradation  as  a  measure  of  performance  time.  This 
tabulation  of  ALT's  will  complement  that  obtained  using  the  failure  criteria 
cited  in  MIL-C-39014  (See  Seventeenth  and  Eighteenth  Interim  Progress 
Reports). 

4.  2  0.033  uF  C67  Case  Size  I  MONOLYTHIC®  Capacitors 

(1)  Frequency  histograms  of  leakage  current  data  obtained  at 
selected  readout  points  will  be  prepared  for  each  life  test 
condition. 

(2)  Assured  life  times  will  be  calculated  for  each  test  condition 
using  two  measures  of  performance  time:  the  onset  of 
degradation  and  the  failure  criteria  cited  in  MIL-C-39014. 

(3)  Best  estimate  failure  rates  will  be  determined  by  Weibull 
analysis  for  test  groups  providing  the  necessary  quantity 
and  distribution  of  actual  life  test  failures. 

(4)  Tabulations  will  be  made  of  burn-in  failures,  actual  life  test 
failures  and  failures  predicted  by  the  burn-in  failure  mode. 
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SECTION  5 


PUBLICATIONS,  LECTURES,  REPORTS  AND  CONFERENCES 


5.  1  Publications 


A  paper  entitled  "Concerning  the  Physics  of  Failure  of  Barium 
Titanate  Capacitors"  by  D.  A.  Payne  was  published  in  the  Sixth  Annual 
Reliability  Physics  Symposium  Proceedings,  IEEE,  New  York  (1968). 

5. 2  Reports 

The  Seventeenth  Interim  Progress  Report,  covering  the  period 
June  1,  1966  -  July  31,  1967  was  submitted  to,  and  approved  by,  the 
U.  S.  Army  Electronics  Command,  Distribution  of  the  report  was  in 
accordance  with  USAECOM  directives. 

A  paper  entitled  "Concerning  the  Physics  of  Failure  of  Barium 
Titanate  Capacitors"  by  D.  A.  Payne  was  presented  by  F.  W.  Perry 
to  the  Sixth  Annual  Reliability  Physics  Symposium  held  at  Los  Angeles, 
California  on  November  6-8,  1967. 
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SECTION  6 

IDENTIFICATION  OF  PERSONNEL 


The  following  is  a  list  of  the  key  personnel  assigned  to  this  contract 
and  the  hours  they  contributed  to  the  program  during  this  interim: 


Per  sonnel 

Hours 

C.  Bailey 

9.0 

C.  Belouin 

8.0 

B.  Cirone 

5.0 

C.  LaCasae 

187.0 

D.  Payne 

37.0 

H.  Tourjee 

35.5 

A.  Vaskas 

163.0 

TOTAL  444. 5 
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